Background Osteonecrosis of the femoral head is a major complication that negatively impacts the clinical and radiographic long-term outcome after treatment of developmental hip dysplasia (DDH). There are conflicting results in the literature whether age at the time of closed or open reduction and a specific surgical approach are associated with osteonecrosis. Better understanding of the impact of age at reduction and surgical approach is important to reduce the risk of osteonecrosis in patients with DDH. Questions/purposes We aimed to evaluate the association between occurrence of osteonecrosis and (1) age at closed reduction; (2) age at open reduction; and (3) medial versus anterior operative approaches.
Methods A systematic review identified studies reporting osteonecrosis occurrence after treatment of DDH and at least 2 years of followup. This study was conducted in accordance with the Preferred Reporting Items for Systematic Reviews and Meta-Analyses statement. Methodologic quality was assessed using the methodologic index for nonrandomized studies. Generalized logistic models were used to estimate pooled odds ratios (ORs) in the meta-analysis. Sixty-six studies were included in the systematic review and 24 in the meta-analysis. Data on 481 hips treated by closed reduction and 584 hips treated by open reduction were available to evaluate the association between osteonecrosis and age. The association between osteonecrosis and operative approach was assessed using data on 364 hips treated by medial open reduction and 220 hips treated by anterior open reduction. Results Age at reduction ([ 12 months versus B 12 months) was not associated with osteonecrosis after closed reduction (OR, 1.1; 95% confidence interval [CI] , 0.4-3.2; p = 0.9) or open reduction (OR, 1.1; 95% CI, 0.7-1.9; p = 0.66). The overall, adjusted incidence of osteonecrosis (C Grade II) was 8.0% (95% CI, 2.8%-20.6%) among patients treated with closed reduction at or before 12 months of age and 8.4% (95% CI, 3.0%-21.5%) among those treated after 12 months. Similarly, the odds of osteonecrosis after open reduction did not differ between patients treated after the age of 12 months compared with those treated at or before 12 months (OR, 1.1; 95% CI, 0.7-1.9; p = 0.7). The incidence of osteonecrosis (C Grade II) was 18.3% (95% CI, 11.7%-27.4%) among patients who had index open reduction at or before 12 months of age and 20.0% (95% CI, 13.1%-29.4%) among those who had index open reduction after 12 months of age. Among hips treated with open reductions, there was no difference in osteonecrosis after medial versus anterior approaches (18.7% medial
Introduction
The most common and serious complication after treatment for developmental dysplasia of the hip (DDH) is osteonecrosis of the femoral head. Osteonecrosis involves compromise of the epiphysis blood supply with frequent ensuing collapse of the articular surface and residual deformity of the hip [44, 90] . Diagnosis and treatment are hindered by a substantial interval between initial obstruction of the vascular supply and onset of discernible radiographic anomalies [17] . Osteonecrosis has been reported to compromise acetabular development after hip reduction and is associated with poor long-term clinical, functional, and radiographic outcomes [30, 42, 69, 71, 91] .
The goal of DDH treatment is to obtain concentric hip reduction and allow for acetabular and femoral remodelling with the lowest rate of osteonecrosis as possible. Several factors related to treatment have been postulated to affect the rate of osteonecrosis [35] ; however, controversy remains about the safest age to perform a closed or open reduction. Although a previous study reported a low rate of osteonecrosis after closed reduction in the first 3 months of life [76] , others reported a more severe pattern of osteonecrosis when closed reduction was performed before 6 months of age [42, 50] . The same is true for DDH treatment by open reduction. Although a correlation between increased age at reduction and osteonecrosis has been reported [49, 55, 56, 62, 65] , others have found no such association [4, 5, 11, 27, 95] .
Further controversy surrounds the choice of a medial versus anterior approach for open reduction of DDH. The medial operative approach was first described by Ludloff [51] and later modified by Ferguson [26] and Weinstein and Ponseti [92] who preferred the term anteromedial approach. Critics of the medial techniques cite an increased risk of osteonecrosis with reported rates reaching 67% [43] . Although such risk often is attributed to accidental damage of the medial femoral circumflex artery, it is unclear whether injury to this vessel causes osteonecrosis [28, 56] . Conclusions regarding the effectiveness of anterior versus medial operative approaches have been hindered by a lack of studies that directly compare osteonecrosis rates.
Using systematic review and meta-analysis methods, the primary objectives of our study were to assess: (1) the association between age at closed reduction and osteonecrosis occurrence; (2) the association between age at open reduction and osteonecrosis occurrence; and (3) whether the medial or the anterior surgical approach to open reduction is associated with a higher risk of osteonecrosis.
Patients and Methods
This systematic review and meta-analysis was conducted in accordance with the Preferred Reporting Items for Systematic Reviews and Meta-Analyses statement [60] . An a priori protocol was adhered to throughout the review process to minimize risk of bias.
Search Strategy and Criteria
A comprehensive search of the PubMed bibliographic database was performed to retrieve articles published from January 1946 to February 17, 2014 . Medical librarians with expertise in bibliometric methods were consulted before development and implementation of search criteria, which consisted of index terms and free text based on variations of two key terms: (1) hip dislocation and (2) reduction (Table 1) . Search parameters were restricted to English language studies of pediatric populations. Additional searches were conducted of the reference lists of all articles included in the systematic review. References were managed using EndNote1 X5 software (Thomson Reuters, New York, NY, USA). One reviewer (MKH) screened all identified records for eligibility. Studies included in the qualitative analysis were peer-reviewed, primary data articles that reported treatment-specific osteonecrosis rates (or enough information to calculate such rates) for all eligible subjects after index reduction of idiopathic DDH. In an effort to increase the quality of the selected papers, gray literature was not included. Index reduction was defined as the first open reduction before osteonecrosis occurrence, the first closed reduction before osteonecrosis occurrence if there were no previous or subsequent attempts at open reduction, or the first closed reduction if osteonecrosis developed before subsequent attempts at open reduction. For the purposes of this review, closed reduction constituted nonoperative hip manipulation done with or without adductor tenotomy while the patient was under general anesthesia. Consistent with a previous review [32] , studies were required to report on a total of at least 10 eligible hips. To account for a reasonable minimum delay between reduction and the onset of osteonecrosis, studies that reported minimum followups of less than 2 years were excluded. Additionally, studies including patients who underwent open reduction with concomitant pelvic osteotomy and/or patients with teratologic dislocations or neuromuscular disorders were excluded unless data were presented separately for all subjects of interest. Studies were reviewed thoroughly to exclude duplicate data on the same patients. The eligibility of all included studies was confirmed by a second reviewer (ENN).
Conflicting viewpoints surround classification of temporary ossification of the epiphysis as osteonecrosis. Although some classify it as a form of Grade I osteonecrosis [9, 49, 81] , others do not consider it osteonecrosis [13, 20, 30, 41, 56, 63, 72, 85, 96] . Because of such variability, osteonecrosis was defined as radiographic changes of Grade II or greater in the meta-analysis. To be included in the open reduction quantitative analysis, studies were required to contribute sample sizes of at least 10 hips to the open treatment group. They also had to report osteonecrosis occurrence (C Grade II) for all eligible subjects specific to age at index reduction (12 months or younger versus older than 12 months) and index operative approach (medial versus anterior). Additionally, to be included in the closed reduction quantitative analysis, studies had to contribute sample sizes of at least 10 hips to the closed treatment group and report osteonecrosis occurrence (C Grade II) for all eligible subjects specific to age at index reduction (12 months or younger versus older than 12 months).
Data Extraction
A standardized, pilot-tested form was developed based on the guidelines of the Cochrane Handbook for Systematic Reviews of Interventions [37] to collect relevant data pertaining to study design, publication year, treatment details, outcome measures, statistical analyses, results, and osteonecrosis occurrence. When the presence but not pattern of osteonecrosis was reported, the incidence of Grade II or greater osteonecrosis could not be recorded. Age at reduction was collected as a dichotomous variable (12 months or younger versus older than 12 months). Completed data forms were transferred to a Microsoft Excel spreadsheet (Microsoft Inc, Redmond, WA, USA). Data extraction was completed by one reviewer (MKH) and verified by a second (ENN). Primary authors were contacted as necessary to clarify or validate data.
Critical Review
Levels of evidence for all included studies were established independently and in duplicate by two assessors (MKH, AW) using guidelines of the Oxford Centre for EvidenceBased Medicine adapted for use in orthopaedic journals by The Journal of Bone and Joint Surgery [93] . The methodologic index for nonrandomized studies (MINORS) [78] was independently used in duplicate by two unblinded assessors (MKW, AW) in deriving methodologic quality scores for included studies. MINORS consists of 12 scored items, eight of which pertain to all nonrandomized study types and four of which are specifically relevant to comparative studies. Each index item was appraised on a 3-point scale with 0 assigned to items not reported, 1 assigned to items reported but inadequately, and 2 assigned to items reported adequately. The quality scoring of studies was directly proportional to their methodologic strength with a maximum possible score of 16 for noncomparative studies and 24 for comparative studies. We used the upper cutoff points of 10 for noncomparative studies and 16 for comparative studies to stratify poor versus good quality as suggested by the author of the MINORS scale (email communication, K. Slim MD, FACS; November 2012). In instances of scoring differences, consensus was achieved through discussion. (Fig. 1) . Of the 42 studies excluded, one [85] did not have at least 10 eligible hips for the open or closed reduction treatment groups. Thirty studies did not report osteonecrosis occurrence for all patients eligible for open or closed reduction specific to age at index reduction (12 months or younger versus older than 12 months). Ten studies [11, 15, 19, 20, 24, 38, 40, 64, 67, 74] reported the age-specific occurrence of Grade I or greater osteonecrosis but not Grade II or greater osteonecrosis. One additional study [46] reported osteonecrosis occurrence by age at index open reduction but not by operative approach (medial versus anterior) and was excluded from the meta-analysis.
Study Characteristics
The 66 reviewed studies were conducted in a total of 19 countries. Of the 49 therapeutic-type [93] studies, one had a level of evidence of II (prospective comparative study) Fig. 1 The search process is illustrated using a modified version of the Preferred Reporting Items for Systematic Reviews and Meta-Analyses flow diagram [60] . [69, 77, 81] , and five were Level IV (case series) [1, 29, 33, 74, 83] . One study was diagnostic Level IV (poor reference standard study) [6] . Methodologic quality was rated as good in 30 (45%) of the reviewed studies and poor in 36 (55%). Working email addresses were available to contact the authors of 27 studies [4-6, 8, 9, 13, 18, 21, 33, 34, 40, 41, 53, 54, 56, 62, 63, 67, 77, 79, 80, 82, 84, 85, 87, 88, 96] . Additional subject-level data were provided by the authors of five studies [33, 62, 63, 79, 87] . If discrepancies were noted between published data and raw data provided by authors, the raw data were recorded.
The 66 reviewed studies reported on a total of 4820 hips. Sufficient subject-level data were available to exclude the following ineligible cases: four dislocations of the hip secondary to neuromuscular or teratologic causes [15, 67] , 188 hips treated by open reduction with concomitant pelvic osteotomy [8, 10, 19, 20, 29, 31, 33, 38, 46, 59, 69, 74, 95, 96] , and 280 hips treated by other ineligible interventions [23, 64, 85, 94] . Additionally, one study [13] included 12 hips treated by medial open reduction that at least partly overlapped with a more recently published article [49] . Subject-level data for the 12 hips were not available on request, and therefore we excluded the entire study subset to avoid inclusion of duplicate data. Data for the remaining 4336 hips were included in the descriptive synthesis.
Thirty-nine studies [1, 4, 6-8, 11, 13, 14, 16, 18-20, 23, 27, 29, 30, 34, 38, 40, 41, 45, 53, 54, 56, 61, 64, 67, 69, 72, 74, 77, 79, 81, 83-85, 89, 94, 96] [54] , older than 6 months [5] , between 6 and 18 months old [95] , younger than 18 months [43] , and younger than 24 months [87] ; an anterior approach for patients 12 months or older [57, 69] ; and no operative treatment at all before 9 months of age [7] .
Assessments of osteonecrosis were made using, often in combination, the criteria of Bucholz and Ogden [12] [30] in five studies [11, 29, 30, 41, 67] , and Tönnis [86] in one study [6] . Ten studies [4, 20, 23, 24, 45, 58, 63, 66, 74, 84] did not report the criteria used to assess osteonecrosis.
Sixteen studies [1, 4, 5, 11, 14, 27, 49, 53, 56, 61, 62, 65, 69, 88, 94, 95] statistically analyzed the relationship between age at reduction and the occurrence of osteonecrosis. The analyses of five studies [56, 62, 69, 94, 95] were based partly on data that did not reflect our definition of index reduction. Significance levels were not published in three studies [14, 27, 61] and were reported as 0.05 in all other reviewed studies. When all grades of osteonecrosis were analyzed, 10 studies [1, 4, 27, 53, 61, 68, 69, 88, 94, 95] found no statistically significant associations between age and osteonecrosis incidence. One study [56] found no difference in osteonecrosis occurrence when comparing medial open reduction performed during the first versus second year of life, but did find an association between total osteonecrosis incidence and age using chi square analysis. Another study [49] found the average age at medial open reduction to be significantly older for patients who had osteonecrosis develop than for patients who did not have osteonecrosis develop. Additionally, one study [62] found osteonecrosis occurrence increased with age in a comparison of subjects operatively treated 12 months old or younger, 13 to 24 months old, and older than 24 months old. When analyzing only Grade II or greater osteonecrosis, three studies [5, 14, 53] found no statistically significant relationship between age at reduction and osteonecrosis incidence, whereas one study [65] found average age at medial open reduction to be significantly older for patients who had osteonecrosis develop than for those who did not. None of the 66 reviewed studies statistically analyzed the relationship between operative approach (medial versus anterior) and osteonecrosis occurrence.
Our meta-analysis included nine studies (481 hips) [4, 8, 14, 29, 41, 45, 89, 94, 96] reported an index anterior approach was used in 220 eligible hips.
Statistical Methods
Crude osteonecrosis incidence estimates were summarized using descriptive statistics. Odds ratios (ORs) with 95% confidence intervals (CIs) were calculated using generalized multivariable logistic regression models. Generalized estimating equations were used to account for the clustering effect of subjects in studies. An interaction term was included in the open reduction model to test whether the association between age and the occurrence of osteonecrosis was significantly dependent on operative approach (medial versus anterior). During the modelbuilding step of the analysis, funnel plots of the relationship between publication year and crude osteonecrosis rates as well as sample size were reviewed to assess publication year and study sample size as potential confounding variables (publication bias). The plots did not reveal any discernible time or sample size dependent trends (Figs. 2, 3) . The alpha level was set at 0.05.
For the closed reduction analysis, the model had 80% power to detect a difference of 29% in osteonecrosis occurrence among subjects who underwent closed reduction [ 12 months versus B 12 months of age (OR, 7.5). Using the crude data, this calculation assumed the withinstudy correlation was 0.13, the occurrence of osteonecrosis in the reference group (B 12 months) was 7%, and the ratio of subjects in the two age groups was 3:2. For the open reduction analysis, our study had 80% power to detect a difference of 27% in osteonecrosis occurrence among subjects who underwent open reduction at [ 12 months versus B 12 months of age (OR,3.8). Using the crude data, this calculation assumed the within-study correlation was 0.15, the occurrence of osteonecrosis in the reference group (B 12 months) was 17%, and the ratio of subjects in the two age groups was 1:1.
Results
The odds of osteonecrosis developing after closed reduction did not differ between patients whose hips were first reduced after the age of 12 months compared with those treated at or before 12 months (OR, 1.1; 95% CI, 0.4-3.2; p = 0.9). The overall, adjusted incidence of osteonecrosis (C Grade II) was 8.0% (95% CI, 2.8%-20.6%) among patients who underwent index closed reduction at or before 12 months of age and 8.4% (95% CI, 3.0%-21.5%) among those who had index closed reduction after 12 months.
Likewise, the odds of osteonecrosis developing after open reduction did not differ between patients whose hips were first reduced after the age of 12 months compared with those treated at or before 12 months (OR, 1.1; 95% CI, 0.7-1.9; p = 0.7). Based on the multivariable generalized logistic regression analysis, there was no difference (p = 0.2) in the relationship between age at open reduction and the occurrence of osteonecrosis between patients who underwent a medial versus anterior operative approach Finally, we found no difference in the risk of osteonecrosis between the medial and the anterior approaches (OR, 1.1; 95% CI, 0.5-2.2; p = 0.9). After controlling for age at reduction, the incidence of osteonecrosis (C Grade II) after index open reduction was 18.7% (95% CI, 11.0%-30.0%) for patients treated using a medial operative approach and 19.6% (95% CI, 12.4%-29.5%) for those who had an anterior approach.
Discussion
Osteonecrosis is the most devastating complication after treatment of DDH, which compromises acetabular remodeling and negatively impacts the long-term hip function and radiographic results. Although dozens of papers have evaluated age at the time of hip reduction and surgical approach as potential predictors of the development of osteonecrosis after treatment for DDH, there is substantial disagreement among them. Better understanding of the association of age at reduction and osteonecrosis is crucial to elucidate whether early versus planned delayed closed or open reduction should be performed for the treatment of a dislocated hip, especially after failure of conservative treatment with a Pavlik harness or other brace.
For hips requiring open reduction, achieving concentric reduction and avoiding osteonecrosis have been shown to be the main factors in accomplishing the best long-term hip functional and radiographic results [32, 42, 52, 72, 92] . However, there is still controversy whether the anterior or the medial approach is the safest strategy to accomplish the lowest rate of osteonecrosis. Therefore, we designed a systematic review and a meta-analysis study to investigate the association between occurrence of osteonecrosis and (1) age at closed reduction; (2) age at open reduction; and (3) medial versus anterior operative approaches.
This study has several limitations. First our findings are based on the results of observational studies, because this was the only type of available evidence. Given the observational nature of the included studies and lack of uniformly available raw data, we were unable to account for all potential confounding variables such as failure of previous treatment, associated procedures including adductor tenotomy, length of immobilization, and degree of abduction in a spica cast. In addition, the degree of dysplasia was not consistently reported in most of the studies, which could lead to bias in comparison of different severity types of DDH. However, we attempted to reduce the influence of residual confounding by adjusting the variance for the clustering effect of subjects in studies. Second, when stratifying the meta-analysis data by groupings of younger than versus older than 12 months of age at reduction, we were able to definitively conclude that hips reduced in patients at exactly 12 months old were included in the former category in all but four studies [8, 39, 41, 89] . Although the presence and stratification of 12-month-old patients in these studies was less evident, we believe any potential discrepancies were minimal. Therefore, we believe the inclusion of these studies in the metaanalysis was warranted. Third, 55% of the reviewed studies and 54% of studies included in the meta-analysis were rated as being of poor methodologic quality. Although we acknowledge the importance of individual study quality to our findings, we made no adjustments for quality differences because it has been suggested that weighting or excluding studies from meta-analysis based on quality scoring is futile [36] . Fourth, we acknowledge that the literature may have an inherent bias of publication and we did not include in our study a search of the gray literature that would include unpublished data. However, our methodology was followed as a strict protocol in accordance with the Preferred the Preferred Reporting Items for Systematic Reviews and Meta-Analyses statement [60] . Finally, there was potential for assessor bias, because reviewers rating methodologic quality of the studies were not blinded. We attempted to control for this by having two reviewers (MKH, AW), including one external assessor (AW), perform quality assessments independently and in duplicate.
This meta-analysis found no difference in the odds of having osteonecrosis (C Grade II) develop when closed reduction was performed in patients 12 months or younger versus patients older than 12 months. In scrutinizing our findings, an important clinical practice question remains unanswered. In a patient with a dislocated hip presenting during the first year of life with or without a history of previous treatment failure, what is the safest age with lower rates of osteonecrosis to attempt a closed reduction? Senaran et al. [76] reported a low rate of osteonecrosis in patients with DDH who failed Pavlik harness treatment and underwent prompt reduction within 3 months of age. In contrast, a more severe pattern of osteonecrosis when reduction is performed before 6 months of age has been reported [42, 50] . Segal et al. [75] studied 49 patients (57 hips) who were younger than 12 months of age at reduction (closed and open) with 18 hips complicated by osteonecrosis. They recommended delaying treatment until the ossification of the femoral head is present on radiographs. Based on our findings, delaying closed reduction past 12 months of age should not be recommended, because there was no association with reduced rates of osteonecrosis. Future comparative studies will be key in determining whether procrastinating treatment negatively impacts the ability to achieve a concentric stable reduction by closed means and to elucidate the association between age at closed reduction and development of osteonecrosis.
In the quantitative analysis, there was no difference in the odds of Grade II or greater osteonecrosis when open reduction was performed in patients 12 months or younger versus patients older than 12 months. In contrast, in a recent systematic review of medial open reduction, Gardner et al. [32] reported a higher rate of osteonecrosis in patients younger than 12 months. Contrary to our strict definition of index reduction, their analysis did not specify whether the age data were based on first and/or subsequent attempts at open reduction. They also included studies [15, 47] with subjects without idiopathic DDH who were ineligible for our review. The controversy about the association between age at open reduction and osteonecrosis remains. Previous studies proposing delaying the treatment of DDH hypothesized that the development of the microcirculation in the femoral head, concomitant with the radiographic appearance of the ossific nucleus, would protect against osteonecrosis [16, 75] . However, other studies [21, 53, 70] did not find older age and the presence of ossific nucleus as protective factors for osteonecrosis. Those opposing delaying treatment would further ague that it could potentially compromise acetabular remodeling, whereas early reduction may prompt better development of a congruent hip [22] . Most studies [16, 21, 52, 53] agree that the older the child the more likely further surgery to correct residual acetabular dysplasia will be necessary. Well-designed comparative studies of similar patients with DDH will help clarify whether age at open reduction is associated with osteonecrosis and whether early intervention indeed allows for better remodeling and is associated with lower rate of reoperations compared with delayed intervention.
We found no difference in the odds of osteonecrosis developing after anterior versus medial open reduction after adjusting for age at reduction. Despite various hypotheses regarding the superiority of each operative technique, none of the 66 reviewed studies included in our systematic review directly compared anterior versus medial osteonecrosis incidences using statistical procedures. In addition, this meta-analysis compared observational studies reporting results of anterior and open reduction without associated femoral shortening osteotomy that has been reported to relatively protect against osteonecrosis [31, 73] . The rate of osteonecrosis after medial open reduction in our study was similar to the rate reported by Gardner et al. [32] . In general, anterior open reduction has been the preferred approach for patients older than 24 months of age, whereas most authors restrict the indication of medial reduction for patients younger than 24 months of age [15, 49, 56, 62, 65, 92] . Therefore, the most relevant clinical question that remains to be answered is as follows. What is the safest (lowest rate of osteonecrosis) surgical approach in patients who require an open reduction during the first 24 months of life? We believe that a randomized clinical trial with adequate control for cofounding variables is needed to answer this question. Long-term studies evaluating patients at skeletally maturity age will be necessary to assess another important outcome in DDH treatment, which is the need for further additional surgeries to correct residual hip dysplasia after these two approaches.
The goals of treatment for a dislocated hip secondary to DDH are to achieve concentric reduction with the lowest rate of osteonecrosis because this complication has been reported to negatively impact further development of the joint and the clinical and radiographic long-term outcomes [91] . Our meta-analysis found that closed and open reduction before or after a patient is 1 year old and the type of operative approach did not appear to be associated with an increased risk of osteonecrosis. However, during our systematic review we found that there is no universally accepted classification system for assessing the severity and prognosis of osteonecrosis. To determine predictive factors of osteonecrosis and guide treatment and prognosis, it would be necessary that different centers investigating this problem collect similar data and use a consistent and reproducible classification system. In addition, long-term followup studies would be optimal, because the rate of osteonecrosis has been reported to increase with the length of followup [3, 32, 88] .
The majority of the studies including in this metaanalysis were rated as being of poor methodologic quality. We also noted a lack of uniform collection of data in the studies evaluated in our review. Therefore, we strongly recommend that future studies investigating DDH and osteonecrosis consistently report patient-specific factors (age, gender, weight, laterality, family history), the presence or absence of the ossific nucleus of the femoral head on radiographs or ultrasound as well as baseline severity of hip dysplasia. If authors prefer to report age as a categorical variable, we recommend it to be uniformly stratified by 6-month interval during the first 2 years of life (0 to B 6 months, 6 to B 12 months; 12 to B 18 months and 18 to B 24 months and [24 months). In addition, treatment-related variables should be systematically reported, including use of preoperative traction and previous failure of Pavlik or other bracing treatment. Concomitant procedures performed during the index reduction such as adductor and iliopsoas tenotomy, femoral shortening, and pelvic osteotomies and the degree of abduction and length of spica cast immobilization and bracing should also be consistently noted. The results of well-designed, prospective controlled trials will be required to elucidate the association between age at closed and open reduction and type of surgical approach (anterior versus medial) and osteonecrosis of the femoral head after treatment of DDH.
